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Abstract 1 
 2 
The use of real time quantitative PCR (qPCR) has recently been extended to food 3 
science. The literature has mainly focused on its use in ensuring food safety. However, 4 
it offers a number of advantages with respect to the quantification of non-pathogenic 5 
food spoilage microorganisms. Indeed, qPCR may have a promising future in improving 6 
the quality of food products.  The present review examines the use of qPCR in this area, 7 
the basis of the technique, the requirements that must be met for optimal qPCR assays 8 
to be performed, and the advantages it offers over other techniques.  9 
 10 
Keywords: qPCR, food, quality, microorganisms, spoilage, microbial quantification. 11 
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Introduction 1 
 2 
Real time quantitative PCR (qPCR) has recently entered service in the field of food 3 
science and technology. The rapid development of this technique is reflected in the 4 
increasing number of research articles and patents to be found in databases when 5 
‘qPCR’ and ‘food’ are used as search keywords.  Indeed, qPCR is now employed in the 6 
management of nearly all food safety and quality problems. One of the best developed 7 
and successful applications of qPCR is the detection and quantification of pathogens, 8 
including viruses, bacteria and eukaryotic microorganisms, as well as a number of 9 
parasites (Levin, 2004). It has also been used to monitor the presence of antibiotic 10 
resistance genes that might be transferred to pathogenic or commensal bacteria in 11 
cheese and other food-related scenarios (Manuzon et al., 2007). New applications 12 
include the detection of food ingredients (Tanabe et al., 2007) and ingredient fraud 13 
(Mafra et al., 2008), and the monitoring of unintended contamination of special foods 14 
(e.g., gluten-free foods) (Sandberg et al., 2003).  It may also be used to study toxin-15 
encoding genes (Fischer et al., 2007), to detect genetically modified organisms 16 
(Rodríguez-Lázaro et al., 2007), allergens (Koppel et al., 2009), and certain non-17 
pathogenic spoilage microorganisms (NPSMs). Although the literature currently 18 
contains little on qPCR for the detection of NPSMs, research in this area is progressing 19 
and the use of the technique is likely to gain importance in the future.  20 
NPSMs have different origins, but in general they are present at low concentration in 21 
the raw materials used or contaminate the food during its processing.  Their numbers 22 
may grow during both processing and storage (Huis in´t Veld, 1996); it is generally 23 
recognized that the total absence of NPSMs is an unreachable goal. NPSMs have an 24 
important negative impact on food quality and therefore on their economic value.  In 25 
some cases they can even have an impact on food safety. Their rapid identification is 26 
therefore of great importance to the food industry; early detection and quantification 27 
might allow appropriate actions be taken to avoid their negative impacts.  28 
 29 
This review describes the basis of qPCR assays, the different markers that can be used 30 
in them, and the advantages of this technique over other microbiological and molecular 31 
methods. The requirements and challenges of qPCR quantitative detection of NPSMs 32 
are also analysed.  Finally, a description of the qPCR assays currently available is 33 
provided, with special attention paid to those already on the market. 34 
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 1 
The basis and chemistry of qPCR  2 
 3 
Culture-independent molecular methods have become recognised as powerful and 4 
reliable tools for use in ensuring food quality and safety. From PCR to DNA-arrays, a 5 
wide range of methods has been developed for use in the detection of foodborne 6 
microorganisms (for a review see Lauri and Mariani, 2009). However, the 7 
quantification of microbial populations in food matrices by molecular methods is 8 
becoming ever more necessary, especially with respect to certain spoilage 9 
microorganisms.  In this respect, qPCR represents a powerful tool that could greatly 10 
help guarantee the safety and quality of foodstuffs. qPCR allows the progress of the 11 
PCR reaction to be monitored as it occurs in real time. Data are collected throughout the 12 
reaction, not just at the end point, and reactions are characterized by the cycle in which 13 
the amplification of a target DNA is detected rather than the amount of DNA product 14 
accumulated at the end. Such monitoring of the reaction has been made possible by the 15 
development of methods to fluorescently label the DNA synthesized in each cycle, and 16 
the measurement of this DNA by fluorescence detectors incorporated into 17 
thermocyclers. The cycle in which the fluorescence reaches the detection level of the 18 
instrument is known as the threshold cycle (Ct) and it is directly proportional to the 19 
initial copies of target DNA over a wide dynamic range (Logan et al., 2009). 20 
 21 
The detection methods used in qPCR can be classified into two main groups: (i) non-22 
specific methods that detect all double stranded DNA (dsDNA) produced in the 23 
reaction, and (ii) amplicon sequence-specific methods that distinguish target sequence 24 
amplifications from primer-dimers or non-specific amplifications.  25 
 26 
The simplest and most used type of qPCR is based on non-specific quantification 27 
methods that involve DNA-binding fluorophores such as ethidium bromide, YO-PRO-I, 28 
SYBR green I, SYBR Gold, BEBO, BOXTO, LCGreen and SYTO9. These molecules 29 
are DNA minor-groove binders that emit a strong fluorescent signal only when 30 
associated with dsDNA and exposed to the appropriate wavelength of light. The use of 31 
these compounds requires no additional oligonucleotide design nor chemical 32 
conjugation, and they are minimally affected by small changes in the template sequence 33 
(Logan et al., 2009). However, the formation of primer-dimers is common and strongly 34 
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associated with the entry of the reaction into its plateau phase. The formation of these 1 
primer-dimers and other non-specific amplification products can hinder the 2 
interpretation of the results. These problems can be partially solved using software able 3 
to analyse the melting curve of the amplified DNA. If the qPCR reaction is fully 4 
optimised, a melting peak profile that represents a specific product can be produced. 5 
Based on the results of such analysis, non-specific fluorophores can also be used for the 6 
identification of microorganisms.  7 
 8 
Fluorescent probes are used in methods to detect specific sequences. Their use adds an 9 
additional level of specificity to the amplification reaction. Different types of probe 10 
have been developed.  Most of them are based on double-dye oligonucleotides that emit 11 
a signal only after hybridisation to the target DNA has occurred (molecular beacons, 12 
MGB Eclipse, Scorpions), or after their degradation by the 5’-3’ exonuclease activity of 13 
DNA polymerase during the amplification process (TaqMan oligoprobe, TaqMan-14 
MGB). A number of less commonly used probes are also available, e.g., universal 15 
template primer [UT], the Padlock probe, Qzyme, Resonsense light-up probes and Hy-16 
Beacon probes (Logan et al., 2009).  17 
 18 
Most qPCR applications are designed to detect DNA targets, although the detection of 19 
RNA molecules is also possible. Since the turnover of RNA is rapid, its detection means 20 
the producing microorganisms are viable. Two techniques are mainly used in the 21 
quantification of RNA: reverse transcription qPCR (RT-qPCR) and real time nucleic 22 
acid sequence-based amplification (RT-NASBA). In RT-qPCR a first step of 23 
retrotranscription is performed to synthesize cDNA, which is then used as a template in 24 
a standard qPCR amplification. RT-NASBA is an isothermal nucleic acid amplification 25 
method usually performed at 41ºC with steps involving the use of reverse transcriptase, 26 
RNA polymerase and RNAse H, followed by RNA quantification (Logan et al., 2009).  27 
 28 
Requirements for accurate qPCR assays 29 
 30 
Accuracy is of great importance in microbiological analyses of NPSMs. Reliable 31 
quantification depends on optimised and carefully performed qPCR reactions. The 32 
accuracy of qPCR is influenced by primer design, the quality of the template DNA, the 33 
presence of inhibitors (Edwards and Logan, 2009), and the handling and storage of 34 
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samples, primers, probes and enzymes (Dionisi et al. 2003). With food samples, special 1 
attention must be paid to the possible presence of inhibitors, and to the efficiency of 2 
DNA extraction. A thorough microbiological knowledge of the food in question, 3 
including its usual microbiota and potential contaminants, is also a prerequisite.  4 
 5 
Once the microorganisms to be detected have been decided upon, a target gene must be 6 
selected and specific primers to recognise it must be designed. The selection of the 7 
target gene is of great importance. Targeting a gene highly conserved among different 8 
species can be used in broad-based detection strategies, while targeting a DNA 9 
sequence unique to a particular species or even strain can provide a highly specific test 10 
(Hanna et al., 2005). The best option when searching for spoilage organisms is to select 11 
a functional gene related to the spoilage effect. However, this is not always possible due 12 
to a lack of detailed genetic information. In such cases, the 16S rRNA sequence can be 13 
used to design specific primers and probes.  However, it should be remembered that 14 
quantification is affected by the copy number of the 16S rRNA genes present. Their 15 
design should take into account that closely related organisms often share DNA 16 
sequences in the most conserved region, whereas species of the same genus may be 17 
distinguished by different DNA sequences in the variable regions (Woese et al., 1990). 18 
 19 
Probes, primers, and PCR conditions should be optimised not just for a low detection 20 
limit (sensitivity) but also for a broad dynamic range (efficiency). The optimal 21 
concentration of each of the oligonucleotides used in the assay should also be 22 
optimised. The amount of DNA polymerase added is important as well: too little could 23 
lead to inefficient amplification and a loss of sensitivity (Edwards and Logan, 2009). 24 
 25 
The results of qPCR analysis may be affected by PCR inhibitors present in food 26 
samples. Ideally, each sample should be serially diluted and tested in duplicate PCR 27 
runs to determine whether any inhibitors are present. However, the best alternative to 28 
this is the incorporation of an internal control (Levine, 2004).  This should allow the 29 
presence of amplification inhibitors to be detected and is very useful in the 30 
identification of false negative results. In addition, internal controls can be used to 31 
detect the effect of the food matrix on the efficiency of qPCR assays.  This is done by 32 
spiking the food to be analysed and performing the assay with serial dilutions of this 33 
food (Schneider et al., 2009).  34 
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 1 
qPCR compared with other detection methods 2 
 3 
The introduction of strict food safety regulations made the availability of methods 4 
capable of reliably quantifying food contaminants essential – not only to detect 5 
contaminating microorganisms but to prevent economic losses due to false positives.  6 
 7 
qPCR is fast, allows for quantitative analysis and requires no post-processing.  In 8 
addition, it is economically viable, results are obtained quickly, and the number of 9 
microorganisms and the level to which they can be identified (genus, species or 10 
serotype) is expanding.  The more traditional methods have many disadvantages 11 
compared to qPCR.  For example, those based on the isolation and phenotypic 12 
characterization can be expensive and take days to complete (Fig. 1). Culture-based 13 
methods are laborious and a number of incubation conditions, such as an adequate 14 
temperature and an aerobic or anaerobic atmosphere, must normally be provided.  15 
Further, tests based on selective culture media often fail to detect certain strains within 16 
the target population, resulting in the underestimation of numbers. Moreover, since 17 
conventional methods are not able to detect non-cultivatable cells, stressed or weakened 18 
cells may need specific culture conditions to first recover before any quantification is 19 
possible. Even in food matrices, where cultivatable microorganisms are predominant, 20 
some 25-50% of the active microbial community may not be cultivatable (Justé et al., 21 
2008). An alternative is the use of immunoassays to detect molecules such as sugar 22 
moieties or proteins, but these require the raising of specific antibodies and are not well 23 
suited to the detection of unwanted food ingredients in highly processed food, notably 24 
because proteins are less thermostable than DNA (Gachon, et al., 2004).   25 
 26 
Despite the high sensitivity of qPCR methods, the concentration of spoilage 27 
microorganisms in food samples is sometimes below the detection limit.  Previous 28 
enrichment culture is therefore commonly necessary, especially if one has to be 29 
absolutely sure that a microorganism is absent (Hanna et al., 2005). Nonetheless, 30 
enrichment times for qPCR are shorter than with other methods due to the technique’s 31 
higher sensitivity (Martin et al., 2010) Traditional culture methods need between 2 or 3 32 
days to detect microorganism that require a previous enrichment step, while qPCR may 33 
need less than 12 hours (Martin et al., 2010).  34 
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 1 
Another advantage of qPCR is that it can be used to indirectly measure the 2 
concentration of undesirable or even toxic compounds produced by spoilage 3 
microorganisms, such as biogenic amines (BAs). In some foods the presence of BAs 4 
indicates that hygiene during manufacture has been poor. BAs accumulate in food by 5 
the microbial decarboxylation of certain amino acids, and they can reach concentrations 6 
hazardous to health (Taylor, 1985). The quantification of BAs has traditionally been 7 
performed in final products, and using analytical methods that are often long and 8 
tedious. The capacity to detect BA-producing bacteria early, and to be able to check 9 
large numbers of samples in a short time, would, therefore, be of great advantage to the 10 
food industry.  In addition, it would allowing appropriate interventions be undertaken 11 
before the BA concentration reaches unhealthy levels. Although microbiological 12 
screening methods based on media containing a pH indicator and conventional PCR 13 
methods have been proposed (Marcobal et al., 2006), none of them relate the presence 14 
of BA-producing microorganisms to the final BA content. However, a direct 15 
relationship has been established between qPCR results for BA-producers and the BA 16 
concentration of food samples (Ladero et al., 2008, 2010a).  Indeed, a number of qPCR 17 
tests are available for use with different types of food matrix (Landete et al., 2011). 18 
Moreover, a threshold Ct has been established that allows the classification of samples 19 
as potentially dangerous (Ladero et al., 2010a).  20 
 21 
 22 
qPCR for the quantitative detection of food spoilage microorganisms 23 
 24 
Many studies have confirmed the value of qPCR as a rapid and reliable routine method 25 
that could be used in food manufacturing plants for detecting fastidious organisms 26 
(Table 1).  27 
 28 
Spoilage microorganisms have been divided into broad categories based on certain 29 
phenotypic characteristics, but only in few cases are these related to the spoilage 30 
problems they cause. These groups include yeasts and moulds, Gram-negative rod 31 
shaped bacteria (e.g., Pseudomonas, Aeromonas, Vibrio), Gram-positive spore forming 32 
bacteria (e.g., Bacillus and Clostridium spp.), lactic acid bacteria (e.g., Lactobacillus, 33 
Streptococcus, Leuconostoc, and Pediococcus spp.), other Gram-positive bacteria (e.g., 34 
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Brochotris thermospizucta, Micrococcus spp.), and bacteriophages. qPCR has been 1 
proposed as a means of detecting some of these groups (see Table 1), such as yeasts and 2 
moulds (Casey & Dobson, 2004).  It can also be used to detect total viable bacteria (Lee 3 
and Levi, 2007), members of the phylum Firmicutes (Haakensen et al., 2008), 4 
thermophilic bacilli (Ruecker et al., 2006), strictly anaerobic bacteria of the class 5 
Clostridia (Juvonen et al., 2008), lactic acid bacteria (Haakensen et al., 2007), 6 
Pseudomonas (Reynisson et al., 2008), Gram negative histamine producers in fish 7 
products (Bjornsdottir-Butler et al., 2011), tyramine-producing strains (Ladero et al., 8 
2010b) and bacteriophages of LAB involved in the spoilage of fermented dairy products 9 
(del Rio et al., 2006, 2008; Martín et al., 2008). 10 
 11 
Several methods based on qPCR are also available for quantifying a number of 12 
bioindicators used to assess hygiene levels during food manufacture. Bioindicators are 13 
microorganisms, or groups of microorganisms, whose presence in given numbers 14 
indicates inadequate hygiene and the possible presence of pathogens (Mossel et al. 15 
1995). In general, they are mainly used to assess food and drink quality (Jay 2001). 16 
Among these indicators are faecal bacteria such as coliforms, Bifidobacteria, 17 
enterococci, coliphages/enteroviruses.  These are easily detected and can be used as 18 
markers of pathogenic, enteric, zoonotic agents (Jay, 2001). Pseudomonas is a 19 
psychotropic bacterium particularly involved in the spoilage of food stored at low 20 
temperatures, and is frequently used as an indicator (Jay et al., 2003).  21 
 22 
The ability to test for specific spoilage microorganisms (SSOs) (Huis in´t Veld, 1996) is 23 
becoming increasing possible. Several qPCR assays (Table 1) have been developed for 24 
the identification of SSOs in different food matrices, such as Clostridium tyrobutyricum 25 
(López-Enríquez et al., 2007), Pediococcus damnosus ropy strains (Delaherche et al., 26 
2004), and Sacharamyces cerevisiae (Martorell et al., 2005).  27 
 28 
Other qPCR assays have been developed to monitor the growth of microorganisms with 29 
a major role in the production of fermented foods and beverages, such as LAB in dairy 30 
or meat fermentation (Martín et al, 2006), and yeast in the manufacture of fermented 31 
alcoholic beverages (Martorell et al., 2005). Nevertheless, these assays can also be used 32 
in situations in which these microorganisms are undesirable, for example the presence 33 
of yeast in many foods or elevated concentrations of LAB in certain drinks (Jespersen 34 
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and Jakobsen, 1996). In some cases, a fine line separates spoilage from beneficial 1 
activity. The decarboxylation of di- and tricarboxylic acids by LAB is a desirable step 2 
resulting in the production of compounds that enhance the organoleptic properties 3 
and/or the stability of finished fermented products (van Kranenburg et al., 2002). 4 
However, the decarboxylation of amino acids (e.g., histidine, tyrosine) leads to the 5 
production of BAs.  There are now several qPCR assays that can detect and quantify 6 
LAB strains that produce BAs in different food matrices (Fernández et al., 2006, 7 
Nannelli et al., 2008; Torriani et al., 2008, Ladero et al., 2010a, b), as well as for the 8 
detection of histamine-producing gram-negative bacteria belonging to different genera 9 
(Bjornsdottir-Butler et al., 2011) (Table 1).   10 
 11 
The detection of foodborne bacteria carrying antibiotic resistance genes is of increasing 12 
interest. There is growing evidence that the use of antibiotics in stock raising is leading 13 
to human pathogens developing resistance to them (Wang et al., 2006). Commensal 14 
bacteria, and the antibiotic resistance (AR) genes they harbour, can enter the human 15 
food chain through meat or milk products, or via foods grown in fields fertilized with 16 
animal manure or wastewater. Due to their enormous abundance, commensal bacteria 17 
can serve as a reservoir of AR genes and probably contribute to AR gene transfer 18 
among bacteria, including pathogenic bacteria (Johnston and Jaykus, 2004). qPCR has 19 
been used to monitor antimicrobial resistance in food and environmental scenarios 20 
(Manuzon et al., 2007). 21 
 22 
qPCR has also been proposed for the detection of certain plant pathogens affecting crop 23 
marketability, e.g., Fusarium graminearum in cereal grains (Dyer et al., 2006), 24 
Candidatus liberibacter solanacearum in potato and tomato (Li et al., 2009), or 25 
Cucumber vein yellowing virus in plants (Picó et al., 2005).   26 
 27 
Commercial qPCR kits for the detection of food spoilage microorganisms 28 
 29 
Despite the power of qPCR to detect pathogens (Levin, 2004), and the advantages it 30 
offers in the detection of microorganisms of interest to the food industry - particularly in 31 
the monitoring of starter cultures for fermented foods (of great importance if high 32 
quality and safe final products are to be obtained) and in the quantification of probiotics 33 
in functional foods and beverages (Pennachia et al., 2009; Collado et al., 2009) - there 34 
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are still reservations about its routine use in food analysis. Certainly, its full introduction 1 
into the food industry will require the availability of adequately trained staff, the 2 
adaptation of the protocols described in the scientific literature to the everyday practice 3 
of analytical laboratories, and the availability of reagents in the form of kits at a 4 
reasonable price (particularly if qPCR is to be used by laboratories processing small 5 
numbers of samples).   6 
 7 
To date, several commercial kits have been developed for the detection of the main 8 
foodborne pathogens. However, only a few have been produced for the determination of 9 
spoilage food microorganisms (Table 2) - although they are available for use in research 10 
laboratories (Fernández et al., 2006; Martínez-Blanch et al, 2009). Many 11 
oligonucleotides have also been designed for the identification of these kinds of 12 
microorganism, but few have been marketed (Table 1). Certainly, only a few 13 
commercial kits for the detection of NPSMs are available. Some of these allow the 14 
general detection of non-specific microorganisms in all kind of foods, e.g., the System 15 
BAX
®
 (DuPont Qualicon, Wilmington, Delaware) kit for the detection of yeasts and 16 
moulds. The further development of kits for the routine detection of NPSMs could 17 
improve food production via the implementation of hazard analysis and critical control 18 
point (HACCP) systems. 19 
 20 
The Foodproof® Detection System for Enterobacteriaceae (Merck, Darmstadt, 21 
Germany) is another important kit; the presence of Enterobacteria indicates poor 22 
hygiene practices in food manufacture.  Some kits allow the detection of SSOs in 23 
certain foods. For example, the Primermix P1 Screening (Gen-ial, Troisdorf, Germany) 24 
and Foodproof® Beer Screening kit (Merck, Darmstadt, Germany) detects more than 25 25 
spoilage organisms identified as contaminants of beer.  The latter Foodproof® kit, 26 
developed and validated in cooperation with a number of large German breweries, has a 27 
sample processing time of just 30 min to 1 h, and an enrichment time of up to 18 h.  The 28 
qPCR procedure itself takes about 2 h.  Thus, the time to obtain results is shorter by 29 
several days compared to standard microbiological and biochemical methods. 30 
 31 
Our group has developed and implemented two qPCR assays to detect Streptococcus 32 
thermophilus and Lactobacillus bulgaricus phages (del Río et al., 2008 and 2006 33 
respectively), in a dairy company although they have not been marketed.  Bacteriophage 34 
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infection of dairy starters is a major cause of milk fermentation failure (Neve and 1 
Teuber, 1991).  A reliable system for their early detection in milk is vital given the 2 
magnitude of the problems they cause and their associated economic impact. A phage 3 
population of over 10
5 
pfu ml
-1
 poses a serious risk of fermentation failure (Neve and 4 
Teuber, 1991); such numbers are, however, within the detection limits of qPCR. 5 
Multiplex qPCR is performed with an internal amplification control that uses specific 6 
primers and TaqMan-MGB probes for two different genes.  In addition to the 7 
quantitative detection of phages, this allows the identification of cos and pac type S. 8 
thermophilus phages (del Rio., et al 2008). This method has been optimised for FAST 9 
technology (Applied Biosystems, California, USA), which reduces the assay time 10 
without loss of sensitivity.  Thus, bacteriophages in milk samples can be detected, 11 
quantified and typified in about 30 min. The rapid, accurate identification of 12 
bacteriophages potentially able to attack starter cultures allows decisions concerning the 13 
final use of milk thus contaminated to be quickly taken. Such milk might be earmarked 14 
for use in processes in which phages are deactivated, processes that do not require 15 
starters, or processes that employ starter bacteria insensitive to the detected phage. 16 
 17 
 18 
Challenges and future of qPCR in the quantitative detection of food spoilage 19 
microorganisms 20 
 21 
Most of the technical challenges encountered in using qPCR with food matrices have 22 
been overcome (Levin et al., 2004; Hanna et al 2005). However, compared to its use in 23 
clinical testing, qPCR for the detection of spoilage microorganisms is still in early days. 24 
The main challenge is the many types of food that need to be tested, and the fact that 25 
many contain PCR inhibitors. The presence of inhibitors should be carefully checked 26 
for to ensure the accurate quantification of the target microorganisms (see Requirements 27 
for accurate qPCR assays).   28 
 29 
Ideally, food samples should be used directly as template providers.  However, nucleic 30 
acids are sometimes better extracted from the food matrix. It should always be borne in 31 
mind, however, the quantification of a pathogen can vary by up to two log units 32 
depending of the lysis method used (Cheng and Griffiths, 2003). Extraction methods 33 
face two main challenges.  The first is posed by heterogeneity of the matrix in terms of 34 
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its physical state (liquid or solid), texture, and composition (concentrations of proteins, 1 
sugars or fat), etc (a single extraction method valid for all foods and beverages is hard to 2 
come by).  Independent of the matrix to be analysed, the nucleic acid extraction method 3 
must be efficient and result in preparations of repeatable quantity and quality (Demeke 4 
and Jenkins, 2010).  Second, the initial concentration of spoilage microorganisms is 5 
generally low, and in fermented foods target organism need to be sought against a dense 6 
bacterial background (Jaykus, 2003).  7 
 8 
Methods adapted for use with different foodstuffs must also be validated.  In addition, 9 
validation may be required for legal reasons. One of the main inconveniences that the 10 
food industry encounters when trying to use qPCR technologies is that most of the 11 
available methods have not been adapted to ISO or APHA norms. It is of vital 12 
importance for the expansion of the use of qPCR in the food industry that both nucleic 13 
acid extraction methods and qPCR quantification methods be validated and 14 
standardized.  15 
 16 
The qPCR quantification process could serve to help construct microbial growth 17 
prediction models.  These could be very useful in the design of quantitative detection 18 
protocols, HACCP systems, and help in the making of accurate predictions of shelf life 19 
(Gram and Dalgaard, 2002).  20 
 21 
The potential of qPCR should expand as the technology continues to develop.  For 22 
instance, the capacity to combine several probes labelled in such a way that they can be 23 
differentiated and individually quantified within the same reaction opens up the horizon 24 
for new applications. Current commercial technologies can discriminate up to five 25 
different fluorescent dyes, potentially allowing for the simultaneous detection or four 26 
different organisms plus an internal control. Automation could also maximize efficiency 27 
by reducing assay times and the number of errors. The drawback of such systems is 28 
their initial price. Nevertheless, if qPCR becomes a routine technique in the food 29 
industry the cost of automation and per-sample testing should fall. 30 
 31 
Conclusions 32 
 33 
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qPCR has proven its usefulness in basic microbiological research.  Its capacity to 1 
amplify nucleic acids from a wide range of sample types makes it an ideal system for 2 
use in different microbiological disciplines (Mackay, 2004). In food microbiology and 3 
food safety it has aroused great interest (Hanna et al., 2005) and several commercial kits 4 
have been developed and validated as methods to detect food-borne pathogens.  5 
 6 
qPCR for the quantification of food spoilage microorganism offers many advantages 7 
over other molecular techniques. Its versatility, speed, and sensitivity, together with its 8 
capacity to quantify the target organism within complex matrices, make this technique a 9 
promising tool that could be used to improve the safety and quality of food products.  10 
 11 
The identification and quantification of spoilage microorganisms by conventional 12 
microbiological methods takes days, but with qPCR this can be done in a matter of 13 
hours.  The ability to test up to 384 samples (in some systems) at a time, each of which 14 
can be multiplexed in order to detect various targets simultaneously, and with no need 15 
for post-amplification processing, reduces the workload and the time required to obtain 16 
results.  The speed and efficiency of analysis may also improve as qPCR technology 17 
evolves.  For instance, FAST technology can reduce assay times greatly, and 18 
automation could reduce errors and the number of personnel required to perform 19 
analyses. 20 
 21 
An increasing number of applications are ready to be transferred from the laboratory to 22 
the food industry.  However, the fact that most of them are not yet validated or written 23 
into norms will probably delay their introduction.  Nevertheless, their routine use for 24 
screening and quantifying food spoilage microorganisms would help the food industry 25 
improve the safety and quality of its products. 26 
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Figure captions 1 
 2 
Figure 1: Comparison of conventional microbiological and qPCR methods for the 3 
quantification of eight spoilage microorganism in 10 food samples. The approximate 4 
time (six days vs. two days) and materials required (240 plates vs. 1 qPCR plate) for 5 
each type of analysis are indicated. 6 
 7 
 8 
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Table 1: Non-exhaustive list of qPCR assays described in the literature for the detection and quantification of NPSMs in food matrices.  
The gene target and fluorescent markers employed are indicated. 
Microorganism gene target 
qPCR fluorescent 
markers 
Food Reference 
     
Yeasts and Moulds     
     
General     
     
Yeasts and Moulds CS1 SYBR Green Fruit juice Casey & Dobson, 2004 
Yeasts  5.8S-ITS SYBR Green Orange juice Renard et al., 2008 
Moulds 18S rRNA TaqMan probe Orange juice Wan et al., 2006 
     
SSO     
     
Saccharomyces cerevisiae RAPD-fragment SYBR Green Wine Martorell et al., 2005 
Brettanomyces  18S rRNA TaqMan probe Orange juice Wan et al., 2006 
Hanseniaspora sp. D1/D2 26S rRNA SYBR Green Wine/Juice Phister et al., 2007 
Zygosaccharomyces bailli 26S rRNA SYBR Green 
Wine and Fruit 
juices 
Rawsthorne & Phister, 
2006 
Dekkera bruxellensis 26S rRNA SYBR Green Wine Phister & Mills, 2003 
     
Bacteria     
     
General     
     
Total viable bacteria 16S rRNA SYBR Green Refrigerated fish Lee & Levi, 2007 
Firmicutes Phylum 16S rRNA TaqMan probe Beer Haakensen et al., 2008 
Strictly anaerobic bacteria 
(class Clostridia) 
16S rRNA SYBR Green Beer Juvonen et al., 2008 
17 
 
Acetic acid bacteria 16S rRNA SYBR Green Wine González et al., 2006 
Lactic acid bacteria horA TaqMan probe Beer Haakensen et al., 2007 
Thermophilic bacilli spo0A SYBR Green Milk powder Ruecker et al., 2006 
Enterobacteriaceae LacZ SYBR Green Dairy products Martín et al., 2010 
     
SSO     
     
Brochothrix thermosphacta 16S rRNA SYBR Green Raw meat Pennachia et al., 2009 
Lactobacillus sakei 16-23 ITS TaqMan probe 
Meat/Fermented 
sausages 
Martín et al., 2006 
Pseudomonas carA SYBR Green Fish Reynisson et al., 2008 
Brettanomyces bruxellensis Rad4 SYBR Green Wine Delaherche et al., 2004 
Pediococcus damnosus ropy strains dps SYBR Green Wine Delaherche et al., 2004 
Xylella fastidiosa 16-23S ITS TaqMan probe Wine Shaad et al., 2002 
Obesumbacterium proteus 16S rRNA SYBR Green Beer Koivula et al., 2006 
Alicyclobacillus spp. 16S rRNA TaqMan probe Juice products Connor et al., 2005 
Gluconobacter  
Gluconacetobacter 
16S rRNA TaqMan probe 
Electrolyte 
replacement drink 
Gammont et al., 2007 
Escherichia coli clpB 
Molecular Beacon 
NASBA 
water 
Heijnen & Medema, 
2009 
Bacillus spp. hblC 
Molecular Beacon 
NASBA  
Milk Gore et al., 2003 
Clostridium tyrobutyricum fla TaqMan probe Milk 
López-Enríquez et al., 
2007 
Lactococcus lactis subsp cremoris 16S rRNA SYBR Green Milk fermented Grattepanche et al., 2005 
Enterococcus gilvus pheS TaqMan probe Cheese Zago et al., 2009 
     
Viruses     
     
Enteric viruses NV TaqMan probe 
Berries and 
vegetables 
Butot et al., 2007 
FRNA bacteriophages NoV TaqMan probe Oysters Flannery et al., 2009 
18 
 
Lactobacillus delbrueckii mur/lysA TaqMan probe Milk Martín et al., 2008 
Streptococcus thermophilus orf1510/orf18 TaqMan probe Milk del Rio et al., 2008 
     
Gram + biogenic amine producers     
     
Histamine hdcA SYBR Green Dairy products Fernández et al., 2006 
Putrescine odc/agdi SYBR Green Wine Nannelli et al., 2008 
Tyramine tdc SYBR Green Meat Torriani et al., 2008 
     
Gram - biogenic amine producers     
     
Histamine hdc TaqMan probe Fish 
Bjornsdottir-Butler et al., 
2011 
     
 
ITS: Internal transcribed spacer region including the 5.8 rRNA gene. RAPD: Random amplification polymorphic DNA 
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Table 2: qPCR commercial kits available for the detection and quantification of NPSMs in foods. 
 
Kit name Target species Food matrix Sensitivity (cfu ml
-1) 
Manufacturer 
     
System Bax associated Yeasts and moulds Prepared foods c 10
4
 DuPont Qualicon 
     
Foodproof Detection System Enterobacteriaceae Prepared foods c 10
1
-10
3
 Merck 
     
Foodproof® Beer Screening kit Lactobacillus 
Megasphaera 
Pectinatus 
Pediococcus 
Beer c 10
1
-10
3
 Merck 
     
Primermix P1 Screening Acetobacter  
Lactobacillus 
Megasphaera 
Pectinatus 
Pediococcus 
Selenomonas 
Beer 2х101-1х102 Gen-ial 
 
 
 
 
 
 
20 
 
 1 
References 2 
 3 
Bjornsdottir-Butler, K., Jones, J. L., Benner, R., & Burkhardt, W. (2011). Development 4 
of a real-time PCR assay with an internal amplification control for detection of Gram-5 
negative histamine-producing bacteria in fish. Food Microbiology. Doi: 6 
10.1016/j.fm.2010.06.013 7 
 8 
Butot, S., Putallaz, T., & Sánchez, G. (2007). Procedure for Rapid Concentration and 9 
detection of enteric viruses from berries and vegetables. Applied and Environmental 10 
Microbiology, 73, 186-192. 11 
 12 
Casey, G. D., & Dobson, A. D. W. (2004). Potential of using real-time PCR-based 13 
detection of spoilage yeast in fruit juice - a preliminary study. International Journal of 14 
Food Microbiology, 91, 327-335. 15 
 16 
Cheng, Z., & Griffiths, M. W. (2003). Rapid detection of Campylobacter jejuni in 17 
chicken rinse water by melting-peak analysis of amplicons in real-time polymerase 18 
chain reaction. Journal of Food Protection, 66, 1343-1352. 19 
 20 
Collado, M. C., Delgado, S., Maldonado, A., & Rodríguez, J. M. (2009). Assessment of 21 
the bacterial diversity of breast milk of healthy women by quantitative real-time PCR. 22 
Letters in Applied Microbiology, 48, 523-528 23 
 24 
Connor, C. J., Luo, H., Gardener, B. B., & Wang, H. H. (2005). Development of a real-25 
time PCR-based system targeting the 16S rRNA gene sequence for rapid detection of 26 
Alicyclobacillus spp. in juice products. International Journal of Food Microbiology, 99, 27 
229-235. 28 
 29 
del Rio B., Martín M. C., Martínez N., Magadán A. H., & Álvarez M. A. (2006). 30 
Detección de bacteriófagos que infectan Lactobacillus delbrueckii mediante reacción en 31 
cadena de la polimerasa cuantitativa a tiempo real (qRT-PCR) y su uso. Patent number 32 
P200602590.  33 
21 
 
del Rio B., Martín M. C., Martínez N., Magadán A. H., & Álvarez M. A. (2008). 1 
Multiplex fast real-time PCR for quantitative detection and identification of cos- and 2 
pac-type Streptococcus thermophilus bacteriophages. Applied and Environmental 3 
Microbiology, 74, 4779-4781. 4 
 5 
Delaherche, A., Claisse, O., & Lonvaud-Funel, A. (2004). Detection and quantification 6 
of Brettanomyces bruxellensis and 'ropy' Pediococcus damnosus strains in wine by real-7 
time polymerase chain reaction. Journal of Applied Microbiology, 97, 910-915. 8 
 9 
Demeke, T., & Jenkins, G. R. (2010). Influence of DNA extraction methods, PCR 10 
inhibitors and quantification methods on real-time PCR assay of biotechnology-derived 11 
traits. Analytical and Bioanalytical Chemistry, 396, 1977-1990. 12 
 13 
Dionisi, H. M., Harms, G., Layton, A. C., Gregory, I. R., Parker, J., Hawkins, S. A., 14 
Robinson, K. G., &Sayler, G. S. (2003). Power analysis for realtime PCR quantification 15 
of genes in activated sludge and analysis of the variability introduced by DNA 16 
extraction. Applied and Environmental Microbiology, 69, 6597–6604. 17 
 18 
Dyer, R. B., Kendra, D. F., & Brown, D. W. (2006). Real-time PCR assay to quantify 19 
Fusarium graminearum wild-type and recombinant mutant DNA in plant material. 20 
Journal of Microbiological Methods, 67, 534-542. 21 
 22 
Edwards, K., & Logan, J. (2009). Performing Real-Time PCR. In: Real-Time PCR. 23 
Current technology and applications. Ed: Logan, J., Edwards, K., & Saunders, N. 24 
Caister Academic Press. Norfolk. UK. 25 
 26 
Fernández, M., del Río, B., Linares, D. M., Martín, M. C., & Alvarez, M. A. (2006). 27 
Real-time polymerase chain reaction for quantitative detection of histamine-producing 28 
bacteria: Use in cheese production. Journal of Dairy Science, 89, 3763-3769. 29 
 30 
Fischer, A., von Eiff, C., Kuczius, T., Omoe, K., Peters, G., & Becker, K. (2007). A 31 
quantitative real-time immuno-PCR approach for detection of staphylococcal 32 
enterotoxins. Journal of Molecular Medicine, 85, 461–469. 33 
 34 
22 
 
Flannery, J., Keaveney, S., & Doré, W. (2009). Use of FRNA bacteriophages to indicate 1 
the risk of Norovirus contamination in Irish oysters. Journal of Food Protection, 72, 2 
2358-2362. 3 
 4 
Gachon, C, Mingam, A, & Charrier, B. (2004). Real-time PCR: what relevance to plant 5 
studies? Journal of Experimental Botany, 55, 1445-1454. 6 
 7 
Gammon, K. S., Livens, S., Pawlowsky, K., Rawling, S. J., Chandra, S., & Middleton, 8 
A. M. (2007). Development of real-time PCR methods for the rapid detection of low 9 
concentrations of Gluconobacter and Gluconacetobacter species in an electrolyte 10 
replacement drink. Letters in Applied Microbiology, 44, 262-267. 11 
 12 
González, A., Hierro, N., Poblet, M., Mas, A., & Guillamón, J. M. (2006). Enumeration 13 
and detection of acetic acid bacteria by real-timePCR and nested-PCR. FEMS 14 
Microbioly Letters, 254, 123-128. 15 
 16 
Gore, H. M., Wakeman, C. A., Hull, R. M., & McKillip, J. L. (2003). Real-time 17 
molecular beacon NASBA reveals hblC expression from Bacillus spp. in milk. 18 
Biochemical and Biophysical Research Communications, 311, 386-390. 19 
 20 
Gram, L, & Dalgaard, P. (2002). Fish spoilage bacteria-problems and solutions. Current 21 
Opinion in Biotechnology, 13, 262–266. 22 
 23 
Grattepanche, F., Lacroix, C., Audet, P., & Lapointe, G. (2005). Quantification by real-24 
time PCR of Lactococcus lactis subsp. cremoris in milk fermented by a mixed culture. 25 
Applied Microbiology and Biotechnology, 66, 414-421. 26 
 27 
Haakensen, M. C., Butt, L., Chaban, B., Deneer, H., & Ziola, B. (2007). horA-specific 28 
real-time PCR for detection of beer-spoilage lactic acid bacteria. Journal of American 29 
Society of Brewing Chemists, 65, 157-165. 30 
 31 
Haakensen, M., Dobson, C. M., Deneer, H., & Ziola, B. (2008). Real-time PCR 32 
detection of bacteria belonging to the Firmicutes Phylum. International Journal of Food 33 
Microbiology, 125, 236-241. 34 
23 
 
 1 
Hanna, S. E., Connor, C. J., & Wang, H. H. (2005). Real-time Polymerase Chain 2 
reaction for the food microbiologist: technologies, applications, and limitations. Journal 3 
of Food Science, 70, R49–R53. 4 
 5 
Heijnen, L., & Medema, G. (2009). Method for rapid detection of viable Escherichia 6 
coli in water using real-time NASBA. Water Research, 43, 3124-3132. 7 
 8 
Huis in´t Veld, J. H. J. (1996). Microbial and biochemical spoilage of foods: An 9 
overview. International Journal of Food Microbiology, 33, 1–18. 10 
 11 
Jay, J. M. (2001). Indicator organisms in foods. In Foodborne Disease Handbook, 2nd 12 
ed. ed. Y.H. Hui, M.D. Pierson, and J.R. Gorham, New York: Marcel Dekker. 13 
 14 
Jay, J. M., Vilai, J. P., & Hughes, M. E. (2003). Profile and activity of the bacterial 15 
biota of ground beef held from freshness to spoilage at 5–7°C. International Journal of 16 
Food Microbiology, 81,105-111. 17 
 18 
Jaykus, L.A. (2003). Challenges to developing real-time methods to detect pathogens in 19 
foods. ASM News, 69, 341-347. 20 
 21 
Jespersen, L., Jakobsen, M. (1996). Specific spoilage organisms in breweries and 22 
laboratory media for their detection. International Journal of Food Microbiology, 33, 23 
139-155. 24 
 25 
Johnston, L. M., & Jaykus, L. A. (2004). Antimicrobial resistance of Enterococcus 26 
species isolated from produce. Applied and Environmental Microbiology, 70, 3133-27 
3137. 28 
 29 
Justé, A., Thomma, B. P., & Lievens, B. A. (2008). Recent advances in molecular 30 
techniques to study microbial communities in food-associated matrices and processes. 31 
Food Microbiology, 25, 745-761. 32 
 33 
24 
 
Juvonen, R., Koivula, T., & Haikara, A. (2008). Group-specific PCR-RFLP and real-1 
time PCR methods for detection and tentative discrimination of strictly anaerobic beer-2 
spoilage bacteria of the class Clostridia. International Journal of Food Microbiology, 3 
15, 162-169. 4 
 5 
Koivula, T. T., Juvonen, R., Haikara, A., & Suihko, M. L. (2006). Characterization of 6 
the brewery spoilage bacterium Obesumbacterium proteus by automated ribotyping and 7 
development of PCR methods for its biotype 1. Journal of Applied Microbiology, 100, 8 
398-406. 9 
 10 
Koppel, R., Dvorak, V., Zimmerli, F., Breitenmoser, A., Eugster, A., & Waiblinger, H. 11 
U. (2010). Two tetraplex real-time PCR for the detection and quantification of DNA 12 
from eight allergens in food. European Food Research and Technology, 230, 367–374. 13 
 14 
Ladero V., Linares D. M., Fernandez M., & Alvarez M. A. (2008). Real time 15 
quantitative PCR detection of histamine-producing lactic acid bacteria in cheese: 16 
Relation with histamine content. Food Research International, 41, 1015-1019. 17 
 18 
Ladero, V., Martínez, N., Martin, M. C., Fernández, M., & Alvarez, M. A. (2010a). 19 
qPCR for quantitative detection of tyramine-producing bacteria in dairy products. Food 20 
Research International, 43, 289-295. 21 
 22 
Ladero, V., Fernández, M., Cuesta, I., & Alvarez, M. A. (2010b). Quantitative detection 23 
and identification of tyramine-producing enterococci and lactobacilli in cheese by 24 
multiplex qPCR. Food Microbiology, 27, 933-939. 25 
 26 
Landete, J. M., de las Rivas, B., Marcobal, A. & Muñoz, R. (2011). PCR methods for 27 
the detection of biogenic amine-producing bacteria on wine. Annals of Microbiology, 28 
DOI 10.1007/s13213-010-0068-6. 29 
 30 
Lauri, A., & Mariani, P. O. (2009). Potentials and limitations of molecular diagnostic 31 
methods in food safety. Genes & Nutrition, 4, 1–12. 32 
 33 
25 
 
Lee, J. L., & Levin, R. E. (2007). Quantification of total viable bacteria on fish fillets by 1 
using ethidium bromide monoazide real-time polymerase chain reaction. International 2 
Journal of Food Microbiology, 118, 312-317. 3 
 4 
Levin, R. E. (2004). The Application of Real-Time PCR to Food and Agricultural 5 
Systems. A Review. Food Biotechnology, 18, 97-133. 6 
 7 
Li, W., Abad, J. A., French-Monar, R. D., Rascoe, J., Wen, A., Gudmestad, N. C., 8 
Secor, G. A., Lee, I. M., Duan, Y., & Levy, L. (2009). Multiplex real-time PCR for 9 
detection, identification and quantification of Candidatus Liberibacter solanacearum in 10 
potato plants with zebra chip. Journal of Microbiological Methods, 78, 59-65. 11 
 12 
Logan, J., Edwards, K., & Saunders, N. (2009). Real-Time PCR: Current Technology 13 
and Applications, (1st ed.). Norfolk, UK, Caister Academic Press. 14 
 15 
López-Enríquez, L., Rodríguez-Lázaro, D., & Hernández, M. (2007). Quantitative 16 
detection of Clostridium tyrobutyricum in milk by real-time PCR. Applied and 17 
Environmental Microbiology, 73, 3747-3751. 18 
 19 
Mackay, I. M. (2004). Real-time PCR in the microbiology laboratory. Clinical 20 
Microbiology and Infection, 10, 190-212. 21 
 22 
Mafra, I., Ferreira, I., Beatriz, M., & Oliveira, P. P. (2008). Food authentication by 23 
PCR-based methods. European Food Research and Technology, 227, 649–665. 24 
 25 
Manuzon, M. Y., Hanna, S. E., Luo, H., Yu, Z., Harper, W. J., & Wang, H. H. (2007). 26 
Quantitative assessment of the tetracycline resistance gene pool in cheese samples by 27 
real-time TaqMan PCR. Applied and Environmental Microbiology, 73, 1676-1677. 28 
 29 
Marcobal, A., de las Rivas, B., & Muñoz, R. (2006). Methods for the detection of 30 
bacteria producing biogenic amines on foods: A survey. Journal of Consumer 31 
Protection and Food Safety, 1, 187–196. 32 
 33 
26 
 
Martín, B., Jofré, A., Garriga, M., Pla, M., & Aymerich, T. (2006). Rapid quantitative 1 
detection of Lactobacillus sakei in meat and fermented sausages by real-time PCR. 2 
Applied and Environmental Microbiology, 72, 6040-6048. 3 
 4 
Martín, M. C., del Rio, B., Martínez, N., Magadán, A. H., & Alvarez, M. A. (2008). 5 
Fast real-time polymerase chain reaction for quantitative detection of Lactobacillus 6 
delbrueckii bacteriophages in milk. Food Microbiology, 25, 978-982. 7 
 8 
Martín, M. C., Martínez, N., del Rio, B., Ladero, V., Fernández, M., & Alvarez, M.A. 9 
(2010). A novel real-time polymerase chain reaction-based method for the detection and 10 
quantification of lactose-fermenting Enterobacteriaceae in the dairy and other food 11 
industries. Journal of Dairy Science, 93, 860-867. 12 
 13 
Martínez-Blanch, J. F., Sánchez, G., Garay, E., & Aznar R. (2009). Development of a 14 
real-time PCR assay for detection and quantification of enterotoxigenic members of 15 
Bacillus cereus group in food samples. International Journal of Food Microbiology, 16 
135, 15-21. 17 
 18 
Martorell, P., Querol, A., & Fernández-Espinar, M. T. (2005) Rapid identification and 19 
enumeration of Saccharomyces cerevisiae cells in wine by real-time PCR. Applied and 20 
Environmental Microbiology, 71, 6823-6830. 21 
 22 
Mossel, D. A. A., Corry, J. E. L., Struijk, C. B., & Baird, R. M. (1995). Essentials of the 23 
Microbiology of Foods: a textbook for advanced studies. Wiley, England. 24 
 25 
Nannelli, F., Claisse, O., Gindreau, E., de Revel, G., Lonvaud-Funel, A., & Lucas, P. 26 
M. (2008). Determination of lactic acid bacteria producing biogenic amines in wine by 27 
quantitative PCR methods. Letters in Applied Microbiology, 47, 594–599. 28 
 29 
Neve, H. & Teuber, M. (1991). Basic microbiology and molecular biology of 30 
bacteriophage of lactic acid bacteria in dairies. Bulletin of IDF, 263, 3-15. 31 
 32 
27 
 
Pennacchia, C., Ercolini, D., & Villani, F. (2009). Development of a Real-Time PCR 1 
assay for the specific detection of Brochothrix thermosphacta in fresh and spoiled raw 2 
meat. International Journal of Food Microbiology, 134, 230-236. 3 
 4 
Phister, T. G., Rawsthorne, H., Joseph, C. M. L., & Mills, D. A. (2007). Real-time PCR 5 
assay for detection and enumeration of Hanseniaspora species from wine and juice. 6 
American Journal of Enology and Viticulture, 58, 229-233.  7 
 8 
Phister, T. G., & Mills, D. A. (2003). Real-time PCR assay for detection and 9 
enumeration of Dekkera bruxellensis in wine. Applied and Environmental 10 
Microbiology, 69, 7430–7434. 11 
 12 
Picó, B., Sifres, A., & Nuez, F. (2005). Quantitative detection of Cucumber vein 13 
yellowing virus in susceptible and partially resistant plants using real-time PCR. 14 
Journal of Virology Methods, 128, 14-20. 15 
 16 
Rawsthorne, H., & Phister, T. G. (2006). A real-time PCR assay for the enumeration 17 
and detection of Zygosaccharomyces bailii from wine and fruit juices. International 18 
Journal of Food Microbiology, 112, 1-7. 19 
 20 
Renard, A., Gómez di Marco, P., Egea-Cortines, M., & Weiss, J. (2008). Application of 21 
whole genome amplification and quantitative PCR for detection and quantification of 22 
spoilage yeasts in orange juice. International Journal of Food Microbiology, 126, 195-23 
201. 24 
 25 
Reynisson, E., Lauzon, H. L, Magnusson,. H, Hreggvidsson, G. O., & Marteinsson, V. 26 
T. (2008). Rapid quantitative monitoring method for the fish spoilage bacteria 27 
Pseudomonas. Journal of Environmental Monitoring, 10, 1357-1362. 28 
 29 
Rodríguez-Lázaro, D., Lombard, B., Smith, H., Rzezutka, A., D'Agostino, M., Helmuth, 30 
R., Schroeter, A., Malorny, B., Miko, A., Guerra, B., Davison, J., Kobilinsky, A., 31 
Hernández, M., Bertheau, Y., & Cook, N. (2007). Trends in analytical methodology in 32 
food safety and quality: monitoring microorganisms and genetically modified 33 
organisms. Trends in Food Science and Technology, 18, 306–319. 34 
28 
 
 1 
Rueckert, A., Ronimus, R. S., & Morgan, H. W. (2006). Development of a real-time 2 
PCR assay targeting the sporulation gene, spo0A, for the enumeration of thermophilic 3 
bacilli in milk powder. Food Microbiology, 23, 220-230. 4 
Sajur, S. A., Seguir, F. M., & Manca de Nadra, M. C. (2007). Effect of dominant specie 5 
of lactic acid bacteria from tomato on natural microflora development in tomato purée. 6 
Food Control, 18, 594-600. 7 
 8 
Sandberg, M., Lundberg, L., Ferm, M., Yman, I. M. (2003). Real Time PCR for the 9 
detection and discrimination of cereal contamination in gluten free foods. European 10 
Food Research and Technology, 217, 344-349. 11 
 12 
Schneider, S., Enkerli, J., & Widmer, F. (2009). A generally applicable assay for the 13 
quantification of inhibitory effects on PCR. Journal of Microbiological Methods, 78, 14 
351–353. 15 
 16 
Tanabe, S., Hase, M., Yano, T., Sato, M., Fujimura, T., & Akiyama, H. (2007). A real-17 
time quantitative PCR detection method for pork, chicken, beef, mutton, and horseflesh 18 
in foods. Bioscience, Biotechnology and Biochemistry, 71, 3131–3135. 19 
 20 
Taylor, S. L. (1985). Histamine poisoning associated with fish, cheese and other foods. 21 
FAO/WHO monograph VPH/FOS/85-1, 1-47. 22 
 23 
Torriani, S., Gatto, V., Sembeni, S., Tofalo, R., Suzzi, G., Belletti, N., Gardini, F., & 24 
Bover-Cid, S. (2008). Rapid detection and quantification of tyrosine decarboxylase gene 25 
(tdc) and its expression in gram-positive bacteria associated with fermented foods using 26 
PCR-based methods. Journal of Food Protection, 71, 93-101. 27 
 28 
van Kranenburg, R., Kleerebezem, M., Vlieg, J. V., Ursing, B. M., Boekhorst, J., Smit, 29 
B. A., Ayad, E. H. E., Smit, G., & Siezen, R. J. (2002). Flavour formation from amino 30 
acids by lactic acid bacteria: predictions from genome sequence analysis. International 31 
Dairy Journal, 12, 111-121. 32 
 33 
29 
 
Wan, K., Yousef, A. E., Schwartz, S. J., & Wang, H. H. (2006). Rapid, specific, and 1 
sensitive detection of spoilage moulds in orange juice using a real-time TaqMan PCR 2 
assay. Journal of Food Protection, 69, 385-390. 3 
 4 
Woese, C. R., Kandler, O., & Wheelis, M. L. (1990). Towards a natural system of 5 
organisms: proposal for the domains Archaea, Bacteria, and Eucarya. Proceedings of 6 
the National Academy of Science of U. S. A., 87, 4576–4579. 7 
 8 
Zago, M., Bonvini, B., Carminati, D., Giraffa, G. (2009). Detection and quantification 9 
of Enterococcus gilvus in cheese by real-time PCR. Systematics and Applied 10 
Microbiology, 32, 514-521. 11 
